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Summary  The  aim  of  proximal  femoral  osteotomies  (PFO)  in  children  is  to  restore  normal
anatomy and  optimal  joint  congruency  to  prevent  medium  and  long-terms  degenerative  dete-
rioration  of  the  hip.  They  play  an  important  role  in  the  treatment  of  neurological  subluxations
or dislocations  of  the  hip.  Advances  in  modern  imaging  and  surgical  techniques  have  improved
understanding  of  the  anatomical  factors  associated  with  a  number  of  disorders  of  the  grow-
ing hip  and  their  sequelae.  The  indications  for  isolated  PFO  or  associated  with  other  intra-
or extraarticular  procedures  have  become  more  rational  and  better  adapted  to  the  various
architectural  defects  and  the  femoroacetabular  impingements.  Two  types  of  osteotomies  are
described:  intertrochanteric  osteotomies  (varus  and  valgus  correction,  valgisation,  ﬂexion,
extension),  and  osteotomies  of  the  greater  trochanter,  either  simple  or  double  with  length-
ening of  the  femoral  neck.  Primary  stability  of  the  osteosynthesis  is  the  major  problem,  as
it is  often  affected  by  osteopenia.  The  development  of  new  implants  (LCP  plate)  avoids  this
inconvenience,  resulting  in  geometrically  precise  osteotomies  and  a  more  stable  ﬁxation.  Even
when it  is  correctly  performed,  articular  congruence  is  not  always  managed  by  PFO  alone,  it  is
sometimes  necessary  to  associate  acetabular  procedures.
© 2012  Elsevier  Masson  SAS.  All  rights  reserved.
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eProximal  Femoral  Osteotomies  (PFO)  play  an  important
role  in  the  treatment  of  numerous  hip  disorders  in  chil-
dren  [1—3]. The  indications  are  not  limited  to  dislocations
or  subluxations  in  children  with  neurological  hip  diseases.
Modern  imaging  has  conﬁrmed  the  arthrogenic  role  of  mor-
phological  femoral  head  or  head/neck  disturbances  such
as  Legg-Calve-Perthe  disease  (LCP),  slipped  capital  femoral
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http://dx.doi.org/10.1016/j.otsr.2012.11.003piphysis  (SCFE),  development  dysplasia  of  the  hip  (DDH),
steoarthritis  of  the  hip  and  congenital  or  acquired  coxa  vara
4—6].  Better  understanding  of  the  pathogenesis  of  these
ntities  has  renewed  interest  in  PFO  to  preserve  the  hip,
nd  this  procedure  may  be  performed  alone  or  associated
ith  other  intra/extraarticular  procedures.
The  progression  and  severity  of  hip  deformities  are  linked
o  the  remaining  growth  potential.  Biomechanical  changes
ill  gradually  cause  joint  incongruence,  which  causes
steoarthritis  of  the  hip  in  young  adults  [7—10]. The  effects
uch  as  a  cam-effect  or  ‘‘hinge’’  in  abduction  and  femoroac-
tabular  ‘‘impingement’’  results  in  progressive  deteriora-
ion  of  the  labrum  and  the  articular  cartilage,  which  causes
served.
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Screwing  the  plate  stabilizes  reduction.  Interfragmentary
screws  (Fig.  13)  strengthen  ﬁxation,  preventing  uncomfort-
able  immobilization.172  
nstability,  limits  mobility,  and  is  the  source  of  pain,  limp-
ng  and  early  arthritis  [11—14]. Intraarticular  procedures
an  be  performed  using  a  surgical  approach  with  or  without
ip  dislocation  [15,16]  with  no  risk  to  vascularization  of  the
emoral  head.  Isolated  PFO  is  sometimes  effective  in  achiev-
ng  correct  femoroacetabular  ‘‘containment’’.  Associated
steochondroplasties,  labrum  procedures,  osteotomies  for
cetabular  realignment,  or  acetabuloplasties  are  sometimes
ecessary.  The  negative  effect  of  femoral  ‘‘malalignment’’
hich  is  inherent  to  PFO  is  still  a  major  problem  during  hip
eplacements  in  adults  [17—19].
There  are  two  types  of  PFO:
 varus,  valgus,  ﬂexion  and  extension  intertrochanteric
osteotomies;
simple  or  double  osteotomies  of  the  greater  trochanter
with  lengthening  of  the  femoral  neck.
ntertrochanteric osteotomies
reoperative  planning  of  PFO  is  based  on  clinical  and  imag-
ng  results.  Dynamic  evaluation  by  dynamic  X-ray  views
ssociated  with  arthroscopy  helps  determine  the  opti-
al  position  of  the  femoral  head  in  the  acetabulum  and
eﬁne  any  femoroacetabular  impingement.  Arthro-MRI  is
sed  to  evaluate  the  morphology  of  the  femoral  head  if
t  is  deformed,  the  condition  of  articular  cartilage  and  the
abrum  [1,2,5,11—13].
The  patient’s  position  during  surgery  and  closure  are
ommon  to  all  PFO.  The  patient  is  in  the  lateral  or  dorsal
osition.  The  image  intensiﬁer  is  placed  under  the  table.  The
ncision  is  lateral  and  vertical,  from  the  tip  of  the  greater
rochanter,  8—10  cm  long.  The  intertrochanteric  osteotomy
asses  by  the  tip  of  the  lesser  trochanter,  perpendicular  to
he  femur.
arus  or  valgus  osteotomies  and  variations
he  goal  is  to  improve  centering  of  the  hip  by  realigning
he  femoral  head  and  neck  by  reducing  (varus)  or  increasing
valgus)  the  femoral  neck-shaft  angle.  The  hip  should  be
obile  in  more  than  90◦ ﬂexion.  Abduction  more  than  15◦ is
ecessary  for  varus  correction  and  adduction  more  than  15◦
our  valgus  osteotomies.  Assessment  of  articular  range  of
otion  should  be  performed  under  general  anesthesia  with
r  without  tenotomy  (adductors,  psoas. .  .).
The  three  most  frequently  used  systems  of  internal  ﬁxa-
ion  are  described:
 AO  angled  blade  plate;
 AO  anterior  plate;
the LCP  (locked  compression  plate)  provides  primary  sta-
bility  by  locking  screws  on  a  plate  and  divergence  of
femoral  neck  screws.  This  internal  ﬁxation  is  especially
adapted  to  osteoporotic  hips  in  patients  with  neurological
diseases  [20—24].arus  osteotomies
ith  this  technique  the  femoral  head  can  be  realigned,
ontact  surfaces  can  be  modiﬁed,  pressures  can  be  reduced
n  the  diseased  areas  and  the  gluteal  muscles  can  be
F
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elaxed.  The  inconveniences  are  femoral  shortening  and  a
rochanteric  bulge.
steotomy  with  90◦ angled  blade  plate.  A  varus  osteotomy
hould  not  result  in  a  femoral  neck-shaft  angle  of  less  than
10◦.  It  may  or  may  not  be  associated  with  femoral  dero-
ation,  which  allows  the  use  of  an  angled  blade  plate.  In
eurologically  diseased  hips,  femoral  shortening  relaxes  the
uscles  and  the  joint.  Femoral  anteversion  is  indicated  with
 pin  (Fig.  1a).  The  reference  for  rotation  (Fig.  1b)  is  deﬁned
y  two  lateral  pins:  one  at  the  tip  of  the  greater  trochanter,
he  other  below  the  distal  part  of  the  plate.  The  reference
in  (Fig.  1c)  for  the  cutting  guide  is  inserted  below  the
reater  trochanter  then  into  the  femoral  neck  and  centered
n  the  coronal  and  saggital  planes.  For  20◦ varus,  the  pin
hould  be  at  an  angle  of  70◦ (90—20◦)  in  relation  to  the
emoral  shaft.  To  prevent  fracture  or  a  secondary  fracture
ine,  the  entry  point  of  the  blade  chisel  is  prepared  with  a
rill.  The  chisel  (Fig.  1d)  is  advanced  under  ﬂuorscopic  guid-
nce  on  the  frontal  and  sagittal  views  in  the  femoral  neck
xis  without  fracturing  the  growth  cartilage.  It  is  positioned
n  strict  proﬁle  to  avoid  unplanned  saggital  displacement
uring  the  varus  osteotomy.  On  the  coronal  plane,  it  is  at  a
10◦ angle  in  relation  to  the  femur  (Figs.  2  and  3).
The  intertrochanteric  osteotomy  which  is  marked  by  a  pin
erpendicular  to  the  femoral  axis  (Fig.  1e)  1.5  cm  under  the
hisel,  is  performed  with  an  oscillating  saw  to  obtain  even
uts.  The  distal  femur  is  translated  (Fig.  2)  to  avoid  blocking
he  blade  plate.  The  plate  is  then  moved  with  the  proximal
ragment  to  the  lateral  side  of  the  femur  causing  automatic
arus  correction.  The  trochanter  rests  on  the  femur  by  its
nternal  cortex,  thus  preventing  shortening.
Varus  correction  with  a  partial  or  total  medial  cuneiform
steotomy  is  deﬁned  by  an  intertrochanteric  osteotomy  line
nd  a  second  oblique  osteotomy  line  from  outside  to  inside
Fig.  1f)  parallel  to  the  chisel  of  the  90◦ blade  plate.  It  is
btained  by  a  closing  wedge  osteotomy.  There  is  a  risk  of
imb  shortening.
Derotation  of  the  distal  fragment  can  be  performed.igure  1  Automatic  varus  osteotomy  with  a  90◦ angled  blade
late.
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sagit
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p
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nFigure  2  Varus  correction  and  medial  translation  (fontal  and  
Passive  mobilization  of  the  hip  begins  in  the  ﬁrst  weeks
after  surgery  and  weight-bearing  on  crutches  6  weeks  post-
operatively.  Immobilization  in  a  hip  spica  cast  is  limited  to
children  with  neurological  hip  diseases.
Immediate  complications  are  frequent  in  children  with
neurological  diseases,  due  to  bone  fragility  (primary  insta-
bility  due  to  a  wrong  direction  or  movement  of  the  blade
in  the  neck  of  the  femur,  broken  material  with  secondary
displacement).
l
v
Figure  3  Bilateral  varus  correctiontal  views).  Medial  based  closing  cuneiform  osteotomy.
Secondary  complications  include:  delayed  union,  non-
nion,  fractures  under  the  plate  and  periarticular  osteo-
hytes.  These  ossiﬁcations  result  in  bone  bridges  which  may
ause  severe  stiffness  and  deformities.
Later  complications  are  mainly  malunion.  Avascular
ecrosis  of  the  femoral  head  may  develop  following  a  vascu-
ar  injury,  if  a  wrong  direction  is  taken  posteriorly,  or  from
arus  overcorrection.
 with  inter-fragmentary  screws.
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[Figure  4  Varus  correction  and  medial  tran
ocking  Plate  (LCP)  Osteotomy.  Two  techniques  are  pos-
ible:  the  ﬁrst,  the  simplest,  is  a  ﬁxed  angle  technique,
btained  with  the  plate  by  placing  the  guide  wire  then  the
wo  proximal  screws  parallel  to  the  axis  of  the  femoral  neck.
he  angle  can  be  calculated  with  the  second  technique:  spe-
iﬁc  instruments  are  used  to  determine  the  position  of  the
wo  proximal  screws  depending  on  the  plate  used.  For  exam-
le,  for  a  varus  correction  of  25◦ with  a  110◦ plate,  the  guide
ire  will  be  placed  by  adjusting  the  instruments  to  135◦.
fter  ﬁxation  of  the  neck  and  placement  of  the  three  screws,
he  intertrochanteric  osteotomy  is  performed  and  the  prox-
mal  femoral  fragment  is  reduced  on  the  neck  shaft  with
r  without  medialization:  the  plate  is  then  attached  to  the
emur  (Fig.  4).  Results  are  better  for  stability,  angle  correc-
ion  and  nearly  constant  union  in  patients  with  neurological
ip  disorders  [23,24].
arus  osteotomy  with  an  anterior  locking  plate.  Anterior
lacement  of  the  plate  on  the  proximal  fragment  is  deﬁned
y  a  bone  groove  (Fig.  5).  The  angle  of  varus  correction
orresponds  to  the  position  of  the  plate  and  the  femoral
haft,  the  two  proximal  holes  are  placed  on  the  groove.  The
rst  bicortical  screw  is  loosely  screwed  so  the  plate  can  be
oved.  The  path  of  the  second  screw  is  prepared  with  a  drill
Fig.  5a  et  b).  The  plate  is  temporarily  twisted  upwards.
The  intertrochanteric  osteotomy  is  easy  to  perform
Fig.  5c).  Varus  correction  is  automatic  or  is  achieved  after
esection  of  a  bone  wedge  by  pulling  the  plate  to  the  ante-
ior  surface  of  the  femur  (Fig.  5d  and  e).  Reduction  is
tabilized  by  distal  screws  (Fig.  5f  and  g).
ermino-lateral  varus  osteotomy
his  is  a  simple  technique  to  obtain  signiﬁcant  varus  cor-
ection  with  automatic  shortening  of  the  femoral  neck  in
islocations  and  subluxations  of  neurological  hips  [25].
Once  the  intertrochanteric  osteotomy  is  performed,  the
reater  trochanter  is  placed  in  abduction.  An  angled  (90◦,
00◦)  blade  plate  is  inserted  into  the  femoral  neck,  into
i
t
ron  with  a  LCP  hip  plate  [Coll.  J.M.  Clavert].
he  cancellous  portion  of  the  osteotomy.  Medalization  of  the
emoral  shaft  is  obtained,  often  after  shortening  and  dero-
ation  (Fig.  6).  The  femoral  shaft  surface  is  placed  in  contact
ith  the  proximal  neck  which  has  been  debrided.  The  plate
s  then  screwed  to  the  femur.  The  deﬂexion-shortening-
arus  correction-derotation  which  can  be  obtained  with
his  osteotomy  can  reduce  hips  with  high  dislocations.
ecurrence  is  rare  and  union  is  obtained  in  nearly  all
ases  [25].
Femoral  head  necrosis  and  periartricular  ossiﬁcations  are
he  main  complications  of  this  technique.  Locking  plate  ﬁxa-
ion  provides  better  stability,  and  avoids  postoperative  cast
mmobilization  (Fig.  7)  [20,21].
ndications.  For  malalignment,  subluxations  and  neurolog-
cal  dislocations  of  the  hip,  varus  osteotomies  are  indicated
hen  the  Reimers  index  is  more  than  40%.  There  is  a  risk  of
ecurrent  dislocation  due  to  acetabular  dysplasia  [26—28].
hen  varus  correction  is  associated  with  a  pelvic  osteotomy,
he  results  are  better,  with  a  stable  hip  without  pain  in  more
han  80%  of  the  cases  [29—31].
Termino-lateral  osteotomy  is  only  indicated  in  neurolog-
cal  subluxated  or  dislocated  hips  with  the  ‘‘candlestick’’
haped  proximal  femur  due  to  signiﬁcant  coxa  valgus.
Varus  osteotomy  can  play  a  role  in  severe  LCP  disease,  in
he  presence  of  fragmentation  or  for  early  reconstruction,
n  cases  with  malalignment  but  without  ‘‘hinge’’  abduction
1,2,32,33].  This  is  based  on  the  principle  of  femoroac-
tabular  containment.  The  best  results  are  obtained  when
arus  correction-derotation  is  performed  during  the  necrotic
hase,  or  the  beginning  of  fragmentation  [34—36], in  Hering
 or  B/C  patients  and  in  patients  above  8  years  old  [37,38].  In
dults,  97%  of  these  surgically  treated  hips  remain  congruent
39].Varus  osteotomy  corrects  acetabular  dysplasia  from  DDH
f  alignment  is  good  and  if  there  is  signiﬁcant  growth  poten-
ial.  Long  term,  these  hips  remain  asymptomatic  with  good
esults  in  more  than  70%  of  patients  [40]. In  signiﬁcant
Proximal  femoral  osteotomies  in  children  S175
Figure  5  Automatic  varus  correction  with  an  anterior  plate.
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anterior  placement  of  the  plate  on  the  proximal  fragmentigure  6  Termino-lateral  varus  correction  with  a  90◦ angled
lade plate.
cetabular  dysplasia,  the  association  with  an  acetabualar
steotomy  optimizes  joint  congruence  and  ‘‘containment’’.
algus  osteotomies
eserved  in  the  past  for  coxa  vara,  this  type  of  osteotomy  is
lso  indicated  in  irreducible  femoroacetabular  impingement
n  abduction.  Valgus  osteotomies  are  beneﬁcial  in  LCP  dis-
ase  and  SCFE  [41—43]. They  correct  instability  and  improve
ongruence  because  they  correct  hinge  abduction.  They
i
v
m
Figure  7  Termino-lateral  varus  correctionD.  Louahem  M’sabah  et  al.
avor  remodeling  of  the  femoral  head  in  young  children,
ncrease  abduction  and  ﬂexion  of  the  hip  and  reduce  pain.
hey  reduce  limping  by  re-tigthening  the  gluteal  medial
uscle  after  lowering  the  greater  trochanter.
In  inherited  or  acquired  coax-vara,  the  femoral  head  can
e  realigned  and  the  Hilgenreiner  Epiphyseal  (HE)  angle
hich  should  be  less  than  35◦, can  be  corrected.  This  angle
s  the  essential  prognostic  factor  for  recurrence:  normally  it
s  16◦ (0—25◦) [44]. Because  of  the  compression  from  valgus
orrection,  ossiﬁcation  is  stimulated,  resulting  in  healing  of
he  triangular  ossiﬁcation  defect  in  congenital  coxa  vara.
Disadvantages  are  lengthening  of  the  lower  limb,  recur-
ent  deformity  in  young  children,  limited  correction  due  to
bductor  and  adductor  retraction  with  a  risk  of  an  oblique
elvis  if  valgus  correction  is  more  than  40◦.
steotomy  with  an  AO  blade  plate.  Anteversion  guide
ires  (Fig.  8a)  and  preparation  for  the  entry  point  of  the
lade  chisel  are  similar  to  those  for  varus  correction.  The
uide  wire  for  the  cutting  guide  is  inserted  into  the  neck  of
he  femur  along  its  axis  (Fig.  8b).  For  20◦ valgus  with  a  110◦
ngle  blade  plate,  the  cutting  guide  is  inserted  along  the
xis  of  the  femoral  neck  to  create  a  90◦ (110—20◦)  angle,
hus  perpendicular  to  the  longitudinal  femoral  axis  (Fig.  8c
nd  c’).
Partial  or  total  lateral  base  wedge  resection  (Fig.  8d  and
)  equal  to  the  angle  of  valgus  correction  is  the  preferred
echnique  (Fig.  9).
Compression  of  the  osteotomy  site  depends  on  the  direc-
ion  of  the  osteotomy  lines  in  relation  to  the  longitudinal
xis  of  the  femur:  the  proximal  line  is  perpendicular  to  the
istal  oblique  line  for  a  130◦ blade  plate  (Fig.  10);  the  prox-
mal  oblique  line  and  the  perpendicular  distal  line  for  a  90◦
lade  plate  (Fig.  11).
steotomy  with  an  anterior  AO  plate.  The  limit  of  thes  marked  by  a  bone  groove  (r)  which  creates  the  angle  of
algus  correction  with  the  neck  shaft,  and  the  two  proxi-
al  holes  are  made  in  this  groove.  The  ﬁrst  proximal  screw
 with  a  LCP  plate  [Coll.  J.M.  Clavert].
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(Fig.  14).  Its  articular,  biomechanical  and  analgesic  bene-Figure  8  Valgus  correction  with  a  110◦ blade  plate.is  loosely  screwed  so  the  plate  can  be  moved.  The  path  of
the  second  screw  is  prepared  with  a  drill  (Fig.  12a).  The
plate  is  temporarily  swung  upwards  and  outwards  during  the
procedure.
ﬁ
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Figure  9  Valgus  correctionS177
The  intertrochanteric  osteotomy  can  easily  be  performed
hile  leaving  the  medial  coretex  intact.  A  partial  or  total
etaphyseal  lateral  base  wedge,  equal  to  valgus  correc-
ion  is  resected  from  the  proximal  fragment.  The  plate  is
wung  back  along  its  path  (r)  then  attached  to  the  prox-
mal  fragment  with  two  proximal  screws  (Fig.  12b).  Once
he  intertrochanteric  osteotomy  has  been  completed,  valgus
orrection  is  obtained  by  attaching  the  plate  to  the  anterior
ide  of  the  femur  (Fig.  12c).
auwells  ‘‘Y’’  Osteotomy  [1,2,33].  This  osteotomy  is  indi-
ated  in  severe  coxa  vara  (Fig.  13a).  The  lateral  base
ntertrochanteric  wedge  to  be  resected  is  equivalent  to  the
ngle  of  varus  correction  (Fig.  13b):  for  an  angle  of  HE  =  60◦ it
ill  be  44◦ (60◦ −  16◦ =  44◦).  If  there  is  associated  derotation,
t  will  be  performed  before  resection.  The  angle  is  marked
roximally  by  a  horizontally  parallel  pin  under  the  greater
rochanter  to  the  cartilage  of  the  inferomedial  femoral  neck
nd  distally  by  an  oblique  pin  in  the  lateral  cortex  aimed
owards  the  ﬁrst  pin.  The  intersection  of  these  two  pins
reates  the  wedge  (Fig.  13c).
Once  the  wedge  has  been  removed,  the  osteotomy  is
ompleted  medially.  The  angle  is  closed  by  pulling  the  prox-
mal  fragment  laterally  and  down,  then  the  distal  femur  in
bduction  (Fig.  13d).  A  curved  plate  stabilizes  reduction.
he  neck  is  attached  to  the  plate  with  at  least  two  screws.
n  small  children  ﬁxation  of  the  osteotomy  is  obtained  by
wo  pins  reinforced  with  a  metal  tension  band.
ndications.  A  simple  valgus  osteotomy  is  the  treatment
f  choice  in  coxa  vara.  In  children  less  than  8  years  old,
n  epiphysiodesis  of  the  greater  trochanter  is  associated
o  prevent  the  high  risk  of  recurrence,  which  depends
n  initial  correction.  An  HE  angle  of  less  than  35◦ and
 femoral  neck-shaft  angle  of  more  than  130◦ guarantees
ood  long-term  results  without  recurrence  [45]. This  is  a
alvage  solution  in  cases  of  articular  incongruence  with
rreducible  femoroacetabular  impingement  in  abductionts  have  been  clearly  conﬁrmed  in  the  literature  [11,41,46].
t  can  be  associated  with  ﬂexion  or  extension  of  the
emoral  head  and  femoral  derotation,  for  example  in  limited
 with  wedge  resection.
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OFigure  10  Valgus  correction  of  
steonecrosis  of  the  femoral  head  and  stable,  displaced
FS.
The  Pauwells  osteotomy  is  indicated  in  signiﬁcant
emoral  head/neck  displacement  with  a  neck-shaft  angle  of
ess  than  100◦,  an  HE  angle  of  more  than  60◦ or  between  45◦
nd  60◦ when  coxa  vara  is  progressive  and  symptomatic  and
n  pseudarthroses  of  the  femoral  neck.
lexion  and  extension  osteotomies
hese  osteotomies  modify  femoral  head  surface  pressure  by
nducing  ﬂexion  (backward  rotation:  Fig.  15a,  b)  or  exten-
ion  (forward  rotation:  Fig.  15c,  d)  of  the  femoral  head.
hey  improve  joint  congruence  by  excluding  the  diseased
rea  (necrosis,  bone  sequestrum),  treat  femoroacetabular
T
f
f
t
Figure  11  Valgus  correction  of  a  ca effect  with  a  130◦ blade  plate.
mpingement  and  increase  joint  range  of  motion,  with  a
light  risk  of  femoral  head  necrosis  [1].
Signiﬁcant  femoral  head  rotation  of  more  than  30◦ cre-
tes  tension  in  the  capsule  and  the  periarticular  muscles,
ausing  joint  stiffness  and  hip  ﬂexum.  Bone  shortening,
enotomies  or  anterior  capsulotomies  are  necessary  to  pre-
ent  this  [1,2]. Associated  with  multilevel  corrections,  they
ncrease  the  risk  of  chondrolysis  due  to  hip  joint  hyperpres-
ure  [47,48]  and  proximal  femoral  malalignment.  The  latter
ake  future  arthroplasties  difﬁcult.
steotomy  with  a  90◦ angled  blade  plate
he  intertrochanteric  osteotomy  is  perpendicular  to  the
emoral  diaphysis.  On  the  saggital  plane,  the  plate  and  the
emoral  shaft  form  an  angle  equal  to  the  desired  rotation  of
he  femoral  head.  The  osteotomy  leaves  the  medial  cortex
m  effect  with  a  90◦ blade  plate.
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Figure  12  Valgus  correction  with  an  anterior  plate.
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aintact.  The  blade  is  inserted  obliquely  into  the  neck  accord-
ing  to  the  planned  angle  of  rotation.  The  osteotomy  is  then
completed.  The  plate  is  pulled  into  place  then  attached  to
the  femur.  Femoral  head  ﬂexion  or  extension  is  automati-
cally  obtained.  The  bulge  of  the  proximal  fragment  caused
by  rotation  can  be  a  problem.  It  is  resected  and  can  be  used
as  a  graft  for  the  osteotomy.
Indications.  Flexion  and  extension  osteotomies  are  indi-
cated  in  limited,  early  stage  femoral  head  necrosis  and
femoroacetabular  impingement:  varus  or  valgus  correction
is  often  associated  with  this  procedure.Flexion  osteotomy  is  indicated  in  the  presence  of  antero-
lateral  impingement  which  is  too  extensive  to  be  resected.
Medial  ﬂexion-rotataion  osteotomy  [14,49]  is  necessary  if
femoral  neck-head  retroversion  is  conﬁrmed  [6].
f
a
t
ﬁsteotomies  of  the  greater  trochanter
he  goal  is  the  align  the  tip  of  the  greater  trochanter  with
he  center  of  the  femoral  head  and  to  restore  the  lever
rm  by  modifying  the  position  of  the  greater  trochanter,  the
ength  of  the  femoral  neck  or  both  at  once.  The  patient
hould  be  placed  in  the  supine  position  on  an  orthopedic
able.  Two  osteotomy  techniques  have  been  described:  sim-
le  osteotomies  for  lowering  and  lateral  displacement  of  the
reater  trochanter  and  double  osteotomies  combining  distal
nd  lateral  transfer  of  the  trochanter  and  lengthening  of  the
emoral  neck  [2,3,33].  They  are  indicated  in  coxa  vara  in  an
ligned  hip  with  no  chondral  deterioration.  A  tenotomy  of
he  adductors  and  sometimes  the  iliac  psoas  is  performed
rst  to  improve  abduction.
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(Figure  13  Pa
imple  osteotomies  for  distal  and  lateral  transfer
f the  greater  trochanter
his  procedure  re-tightens  the  abductor  muscles  and
estores  their  strength  by  lowering  and  lateral  displace-
ent  of  the  greater  trochanter.  It  can  be  associated  with
n  osteochondroplasty  of  the  femoral  head-neck  junction  in
he  presence  of  a  cam  effect.
echnique
he  periosteum  of  greater  trochanter  is  released.  The  ante-
ior  and  posterior  rims  of  the  gluteus  medius  muscles  are
dentiﬁed.  A  dissector  is  slipped  under  this  muscle  to  serve
s  a  reference  for  the  chisel.  The  anterior  intertrochanteric
ine  is  carefully  exposed  to  avoid  injuring  the  circumﬂex
essels  which  arrive  on  the  upper  rim  of  the  femoral  neck.
wo  oblique  pins  are  placed  going  from  the  subtrochanteric
rea  to  the  superior  trochanter-femoral  head  junction.  This
eﬁnes  a  lateral  base  wedge.
t
t
i
bls  Y  osteotomy.
If the  trochanter  is  not  too  high,  simple  lowering  of  the
reater  trochanter  is  obtained  by  resection  of  a  wedge  that
eaves  the  superior  cortex  intact  (Fig.  16a).  Fixation  of  the
reater  trochanter  to  the  femur  is  obtained  with  two  screws
ith  washers  that  should  be  larger  than  the  calcar.
If  the  trochanter  is  very  high,  lowering  of  the  greater
rochanter  is  associated  with  lateralization.  The  osteotomy
scending  from  the  greater  trochanter  is  identical.  By  grad-
ally  opening  the  osteotomy,  the  superior  cortex  is  fractured
ith  no  risk  of  vascular  injury.  Once  the  greater  trochanter
s  released  it  is  mobilized.  The  lateral  side  of  the  distal
emur  is  debrided.  A  medial  wedge  with  an  inferior  base  is
esected  from  the  hypertrophic  greater  trochanter  to  con-
ect  bone  surfaces  and  create  correct  contact  of  the  greater
rochanter  with  the  superior  aspect  of  the  femoral  neck
Fig.  16b).  The  greater  trochanter  is  lowered  then  attached
o  the  lateral  side  of  the  femur,  by  placing  the  leg  in  abduc-
ion.  Fixation  is  obtained  with  two  screws.  The  leg  is  placed
n  traction  with  the  hip  in  abduction  for  3  weeks.  Weight-
earing  on  crutches  is  allowed  after  3  weeks.
Proximal  femoral  osteotomies  in  children  S181
Figure  14  Anterior  ‘‘bump’’  femoral  head  (arrow),  sequella  of  SCFE  (operative  view).
Figure  15  Flexion  and  extenstion  osteotomies  of  the  femoral  head.
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Complications  include  fracture  of  the  greater  trochanter,
isplaced  hardware,  non-union  and  unattractive  bulges  due
o  excess  lateral  displacement  of  the  greater  trochanter.
ouble  osteotomies  for  distal  and  lateral  transfer
f the  greater  trochanter  and  lengthening  of  the
emoral neck
he  goal  of  these  complex  osteotomies  is  to  lengthen  the
emoral  neck  with  or  without  valgus  correction,  and  for
ista  and  lateral  transfer  of  the  greater  trochanter.  This
rocedure  tightens  the  abductor  muscles  of  the  hip,  reduces
hortening  and  improves  gait.  Two  techniques  are  described.
ouble  opening  and  closing  wedge  intertrochanteric
steotomies  [50]
hese  osteotomies  combine  valgus  correction-lengthening
f  the  femoral  neck  with  distal  and  lateral  transfer  of  the
reater  trochanter  [2].  Fixation  is  obtained  with  a  curved
ocking  plate  and  screw  or  a  tension  band  on  the  greater
rochanter.
ouble  opening  wedge  osteotomy.  There  are  two  parallel
steotomy  lines  (Fig.  17a  and  b):  the  proximal  at  the  base
f  the  greater  trochanter  and  the  distal  line  on  the  superior
nd  of  the  femoral  shaft  along  the  axis  of  the  inferior  aspect
f  the  femoral  neck.  A  Steinmann  pin  is  ﬁrst  inserted  into  the
emoral  neck  to  the  center  of  the  femoral  head  (Fig.  17c).
he  double  osteotomy  creates  three  fragments:  the  greater
rochanter,  the  femoral  neck  and  the  femoral  shaft.  Valgus
orrection  is  obtained  by  using  the  Steinman  pin  as  a  lever.
he  shaft  is  translated  laterally.  The  inferomedial  part  of  the
eck  rests  on  the  femoral  fragment.  The  neck  is  lengthened
nd  the  greater  trochanter  is  distally  and  laterally  displaced.
he  latter  is  embedded  and  attached  to  the  opening  of  the
steotomy.  Bone  defects  are  ﬁlled  with  a  bone  graft.
losing  wedge  osteotomy.  There  are  two  parallel
steotomy  lines  (Fig.  18a  and  b):  the  osteotomy  of
he  greater  trochanter  which  is  identical  to  that  for  low-
ring,  and  the  intertrochanteric  osteotomy,  which  leaves
edial  cortex  intact.  The  distance  between  the  two  is
eﬁned  by  the  angle  of  valgus  correction  (Fig.  18c).  The  tip
f  the  bone  wedge  to  be  removed  is  deﬁned  by  a  pin  which
a
o
r
a of  the  greater  trochanter.
oes  from  the  lateral  end  of  the  ﬁrst  osteotomy  to  the
edial  end  of  the  second  (Fig.  18d).  A  pin  is  placed  in  the
xis  of  the  femoral  neck  (Fig.  18e)  and  another  below  the
econd  osteotomy  (Fig.  18f).  The  bone  wedge  is  resected
nd  the  medial  cortex  is  fractured.  The  osteotomy  is  closed
y  pulling  the  pins  together.  When  valgus  correction  of  the
eck  is  obtained,  the  femur  is  lateralized  and  the  greater
rochanter  is  lowered  and  temporarily  attached  (Fig.  18g).
ouble  osteotomy  for  lengthening  of  the  femoral  neck
ith  distal  and  lateral  transfer  of  the  greater  trochanter
his  technique  includes  an  oblique  proximal  osteotomy  line
t  the  base  of  the  greater  trochanter  at  a  130◦ angle  in  rela-
ion  to  a  vertical  line  (Fig.  19a)  and  an  intertrochanteric
steotomy  parallel  to  the  ﬁrst  which  leaves  the  medial
ortex  intact  (Fig.  19b)  [51,52].  Partial  resection  of  the
ypertrophic  trochanter  is  performed  (Fig.  19c);  this  frag-
ent  will  be  used  as  a  graft  (Fig.  19e).  The  greater
rochanter  (Fig.  19d)  is  lowered  then  turned  on  itself  by  90◦
o  that  it  is  in  contact  with  the  lateral  side  of  the  femoral
eck  which  has  been  debrided.  This  maneouvre  is  facili-
ated  by  abduction  of  the  leg  and  ﬁxation  is  obtained  by
wo  pins.  For  a 130◦ blade  plate,  insertion  of  the  cutting
uide  into  the  greater  trochanter  and  the  femoral  neck  is
uided  by  a  reference  pin  which  is  at  a  50◦ angle  to  the
emoral  shaft  and  parallel  to  the  femoral  neck  anteversion
eference  pin.  Once  the  intertrochanteric  osteotomy  is  ﬁn-
shed,  the  femoral  shaft  is  pulled  down  and  laterally.  This
engthens  the  neck  by  approximately  15  mm.  Stabilization  is
btained  by  a  blade  plate  or  a  locking  plate  with  a  tension
and  on  the  greater  trochanter.  Weight-bearing  begins  after
 months.
Complications  include  femoral  head  necrosis  and  non-
nion.
ndications.  This  procedure  is  reserved  for  children  above
 years  old  with  a  Trendelenburg  sign  and  limited  abduction.
owering  of  the  greater  trochanter  is  indicated  in  moder-
te  coxa  vara  in  greater  trochanters  that  are  no  higher  or
nly  slightly  higher  than  the  top  of  the  femoral  head.  The
esults  of  lowering-lateralization  of  the  greater  trochanter
re  good,  with  improved  gait  and  hip  mobility.
Proximal  femoral  osteotomies  in  children  S183
Figure  17  Double  opening  wedge  osteotomy  with  distal  and  lateral  transfer  of  the  greater  trochanter  and  lengthening  of  the
femoral neck.
Figure  18  Double  closing  wedge  osteotomy  for  distal  and  lateral  transfer  of  the  greater  trochanter  and  lengthening  of  the  femoral
neck.
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Double  osteotomies  are  indicated  in  severe  coxa  vara  in
dolescents  in  whom  the  greater  trochanter  is  at  a  height  of
y  less  than  90◦ and  hypertrophied,  with  coxa  breva  and
igniﬁcant  shortening.  They  also  correct  limb  shortening,
ith  medialization  of  leg  alignment  and  relieve  the  lateral
ompartment  of  the  knee  [52—54].
Whatever  the  type  of  osteotomy,  the  Trendelenburg
ign  persists  in  one  third  of  the  cases:  intermediate  and
ong-term  results  of  simple  and  double  osteotomies  are
early  identical  [53—56]. Simple  osteotomies  of  the  greater
rochanter  are  a  good  alternative  to  complex  osteotomies.
onclusion
he  indications  for  PRO  in  children  are  mainly  for  children
ith  neurological  hips,  malunion,  deformities  and  coxa  vara.
 better  understanding  of  the  morphological  disturbances,
emoroacetabular  impingement  and  their  negative  effects
n  function  justiﬁes  the  use  of  PFO  to  save  the  hip.  Obtain-
ng  optimal  joint  congruence  and  correct  ‘‘containment’’
f  the  growing  hip  is  the  best  prevention  of  early  arthri-
is.  The  pediatric  orthopedic  surgeon  must  be  well  versed  in
he  surgical  techniques  of  PFO.  When  performing  PFO  and
natomical  normalization,  the  surgeon  should  keep  in  minde  greater  trochanter  and  lengthening  of  the  femoral  neck.
ossible  total  hip  arthroplasties  which  PFO  may  complicate,
nd  the  poorer  results  of  implant  survival  in  these  cases.
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